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(54) Nox reduction catalyst and nox reduction system 



(57) A NOx reduction catalyst for exhaust gas dis- 
charged from an automotive internal combustion engine 
operable in a lean region and in a range including a sto- 
ichiometric region and a rich region. The NOx reduction 
catalyst comprises a catalytic noble metal. Additionally, 



an oxygen adsorbable and releasable material is pro- 
vided carrying at least a part of the catalytic noble metal. 
In this catalyst, the catalytic noble metal carried on the 
oxygen adsorbable and releasable material adsorbs 
SOx in the exhaust gas, in a form of at least one of sul- 
fate and sulfite. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to improvements in NOx reduction catalyst and NOx reduction system for reducing NOx 
in exhaust gas discharged from a combustion device such as an internal combustion engine, a combustor, a boiler or 
the like, and more particularly the NOx reduction catalyst and NOx reduction system for reducing NOx as well as 
hydrocarbons (HC), carbon monoxide (CO) and nitrogen oxides (NOx) contained in exhaust gas discharged from an 
automotive internal combustion engine in such a manner that NOx can be particularly effectively reduced in a lean 

10 region of exhaust gas and that SOx can be adsorbed to the NOx reduction catalyst in a range including a stoichiometric 
region and a rich region. 

[0002] In recent years, low fuel consumption automotive vehicles have been required from the viewpoints of petro- 
leum resource exhaustion problem and warm-up problem for the earth. In this regard, attentions have been paid on 
development of lean-bum automotive engines. In the lean-burn automotive engines, exhaust gas (atmosphere) be- 
is comes in a lean region in which air-fuel ratio of exhaust gas is lean as compared with a stoichiometric level, during 
lean -burn operation. In case that a usual thee-way catalyst is used in such a lean region of exhaust gas atmosphere, 
reduction of NOx can become insufficient under the effect of excessive oxygen. Consequently, it has been eagerly 
desired to develop exhaust gas purifying catalysts which can effectively reduce NOx even in the presence of excessive 
oxygen. 

20 [0003] In view of the above, a variety of exhaust gas purifying catalysts for reducing NOx in the lean region of exhaust 
gas have been proposed. An example of these exhaust gas purifying catalysts is disclosed in Japanese Patent Provi- 
sional Publication No. 5-1 68860, in which platinum (Pt) and lanthanum (La) are carried on a porous substrate so that 
NOx is trapped in the lean region of exhaust gas and released in a range including the stoichiometric region and the 
rich region. 

25 

SUMMARY OF THE INVENTION 

[0004] However, drawbacks have been encountered in conventional exhaust gas purifying catalysts including one 
disclosed in Japanese Patent Provisional Publication No. 5-168860 as set forth below. Sulfur is contained in fuel and 
30 lubricating oil, and therefore this sulfur is discharged in the form of oxide into exhaust gas. This sulfur poisons a NOx 
adsorbing or trapping material in the conventional exhaust gas purifying catalyst, thereby lowering the NOx adsorbing 
ability of the NOx adsorbing material. This is called a sulfur-poisoning. 

[0005] Such sulfur-poisoning cannot be avoided as far as sulfur is contained in any forms in exhaust gas, and there- 
fore it has been an important subject to effectively release sulfur adhered onto the catalyst. Hitherto, attentions have 
35 been paid on the sulfur-poisoning made on the NOx adsorbing material. In this regard, it has been proposed to combine 
a plurality of NOx reducing agents as disclosed in Japanese Patent Provisional Publication No. 7-51544, and to highly 
disperse the NOx reducing agent as disclosed in Japanese Patent Provisional Publication No. 9-173839, in order to 
facilitate releasing the sulfur-poisoning of the NOx adsorbing material. 

[0006] Additionally, as a result of studying the above subjects, the present inventors have found and obtain a knowl- 
40 edge that it is effective to release the sulfur-poisoning of a catalytic noble metal (serving as an active site) of a catalyst 
as compared with to improve the NOx adsorbing material. This means that a reaction for releasing sulfur from the NOx 
adsorbing material cannot sufficiently occur if the sulfur-poisoning of the catalytic noble metal as the active site is not 
released. 

[0007] The present invention has been made in view of the above subject and the knowledge and is intended to 
45 provide a NOx reduction catalyst and a NOx reduction system which are arranged that the sulfur-poisoning can be 
readily released. As a result of repeating efforts to meet the subject, the present inventors have found that the sulfur- 
poisoning can be effectively released by preventing S0 2 and/or the like from its sulfidization under the action of oxygen 
released from an oxygen absorbable and releasable material when oxygen is insufficient. This leads to completion of 
the present invention. 

so [0008] It is, therefore, an object of the present invention to provide improved NOx reduction catalyst and NOx reduc- 
tion system which can effectively overcome drawbacks encountered in conventional NOx reduction catalysts and NOx 
reduction systems. 

[0009] Another object of the present invention is to provide an improved NOx reduction catalyst and NOx reduction 
system in which a sulfur-poisoning of the NOx reduction catalyst and NOx reduction system can be readily released. 
55 [0010] A further object of the present invention is to provide an improved NOx reduction catalyst and NOx reduction 
system in which an oxygen adsorbable and releasable material releases oxygen when oxygen is insufficient, which 
oxygen prevents S0 2 and/or the like from their sulfidization. 

[0011] A still further object of the present invention is to provide an improved NOx reduction catalyst and NOx re- 
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duction system in which S0 2 and/or the like are adsorbed in the form of sulfate and/or sulfide to a catalytic noble metal 
under the action of oxygen released from an oxygen absorbable and releasable material. 

[0012] An aspect of the present invention resides in a NOx reduction catalyst for exhaust gas discharged from a 
combustion device operable in a lean region and in a range including a stoichiometric region and a rich region. The 
5 NOx reduction catalyst comprises a catalytic noble metal. Additionally, an oxygen adsorbable and releasable material 
is provided carrying at least a part of the catalytic noble metal. In the above catalyst, the catalytic noble metal carried 
on the oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, in a form of at least one of sulfate 
and sulfite. 

[0013] Another aspect of the present invention resides in a NOx reduction catalyst for exhaust gas discharged from 

10 a combustion device operable in a lean region and in a range including a stoichiometric region and a rich region. The 
NOx reduction catalyst comprises a first catalytic coat layer including a catalytic noble metal, and an oxygen adsorbable 
and releasable material which carries at least a part of the catalytic noble metal, wherein the catalytic noble metal 
carried on the oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, in a form of at least one 
of sulfate and sulfite. Additionally, a second catalytic coat layer is formed on the first catalytic coat layer, exhaust gas 

is flowing though a position nearer to the second catalytic coat layer than to the first catalytic coat layer. The second 
catalytic coat layer includes a catalytic noble metal, and an oxygen adsorbable and releasable material which carries 
at least a part of the catalytic noble metal, wherein the catalytic noble metal carried on the oxygen adsorbable and 
releasable material adsorbs SOx in the exhaust gas, in a form of at least one of sulfate and sulfite. In the above catalyst, 
the oxygen adsorbable and releasable material included in the first catalytic coat layer is larger in amount than the 

20 oxygen adsorbable and releasable material included in the second catalytic coat layer. 

[0014] A further aspect of the present invention resides in a NOx reduction catalyst for exhaust gas discharged from 
a combustion device operable in a lean region and in a range including a stoichiometric region and a rich region. The 
NOx reduction catalyst comprises a refractory inorganic substrate. At least one catalytic noble metal selected from the 
group consisting of platinum and rhodium is supported on the refractory inorganic substrate. A NOx adsorbing material 

25 which is at least one metal selected from the group consisting of barium and magnesium is supported on the refractory 
inorganic substrate. Additionally, an oxygen adsorbable and releasable material including ceria is supported on the 
refractory inorganic substrate, the oxygen adsorbable and releasable material carrying at least a part of the catalytic 
noble metal. In the above catalyst, the catalytic noble metal carried on the oxygen adsorbable and releasable material 
adsorbs SOx in the exhaust gas, in the form of at least one of sulfate and sulfite. 

30 [0015] A still further aspect of the present invention resides in a NOx reduction catalyst for exhaust gas discharged 
from a combustion device operable in a lean region and in a range including a stoichiometric region and a rich region. 
The NOx reduction catalyst comprises a catalytic noble metal including platinum. Additionally, an oxygen adsorbable 
and releasable material is provided carrying at least a part of the catalytic noble metal The oxygen adsorbable and 
releasable material includes ceria which carries platinum in an amount ranging from 5 to 50 % by weight of a whole 

35 amount of platinum contained in the NOx reduction catalyst. In the above catalyst, the platinum carried on the ceria 
adsorbs SOx in the exhaust gas, in a form of at least one of sulfate and sulfite. 

[0016] A still further aspect of the present invention resides in a NOx reduction system for exhaust gas discharged 
from a combustion device operable in a lean region and in a range including a stoichiometric region and a rich region. 
The NOx reduction system comprises a NOx reduction catalyst including a catalytic noble metal, and an oxygen ad- 

40 sorbable and releasable material which carries at least a part of the catalytic noble metal, wherein the catalytic noble 
metal carried on the oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, in a form of at least 
one of sulfate and sulfite. Additionally, a device is provided for controlling an air-fuel (air/fuel) ratio of an air-fuel mixture 
to be supplied to the combustion device, within a range of not smaller than 15 in the lean region. 
[0017] A still further aspect of the present invention resides in a NOx reduction system for exhaust gas discharged 

45 from a combustion device operable in a lean region and in a range including a stoichiometric region and a rich region. 
The NOx reduction system comprises an exhaust gas passageway through which exhaust gas from the combustion 
device flows. A NOx reduction catalyst is disposed in the exhaust gas passageway and includes a catalytic noble metal, 
and an oxygen adsorbable and releasable material which carries at least a part of the catalytic noble metal, wherein 
the catalytic noble metal carried on the oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, 

50 in a form of at least one of sulfate and sulfite. A device is provided for causing secondary air to flow into the exhaust 
gas passageway upstream of the NOx reduction catalyst in the range including the stoichiometric region and the rich 
region. 

[0018] A still further aspect of the present invention resides in a method of reducing NOx in exhaust gas discharged 
from a combustion device which is operable in a lean region and in a range including a stoichiometric region and a 
55 rich region. The method comprises (a) providing the combustion device with a NOx reduction catalyst including a 
catalytic noble metal, and an oxygen adsorbable and releasable material which carries at least a part of the catalytic 
noble metal; and (b) causing exhaust gas to flow through the NOx reduction catalyst to allow the catalytic noble metal 
carried on the oxygen adsorbable and releasable material to adsorb SOx in the exhaust gas, in a form of at least one 
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of sulfate and sulfite. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0019] 

Fig. 1 is a graph of an Infrared absorption spectrum showing peaks of sulfate; 

Fig. 2 is a graph showing a NOx conversion rate (%) in terms of a ratio in amount between Ce0 2 in an inner 
catalytic coat layer of a NOx reduction catalyst and Ce0 2 in an outer catalytic coat layer of the same catalyst; 
10 Rg. 3 is a graph of a X-ray diffraction (XRD) showing a peaks of barium carbonates; 

Fig. 4 is a fragmentary sectional view of an example of a NOx reduction catalyst according to the present invention; 
Fig. 5 is a fragmentary sectional view of another example of the NOx reduction catalyst according to the present 
invention; 

Fig. 6 is a schematic illustration of an example of a NOx reduction system according to the present invention; and 
15 Fig. 7 is a schematic illustration of another example of a NOx reduction system according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] According to the present invention, a NOx reduction catalyst is for exhaust gas discharged from a combustion 
20 device operable in a lean region and in a range including a stoichiometric region and a rich region. The NOx reduction 
catalyst comprises a catalytic noble metal (catalyst component). Additionally, an oxygen adsorbable and releasable 
material (catalyst component) is provided carrying at least a part of the catalytic noble metal. Here, the catalytic noble 
metal carried on the oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, in the form of at least 
one of sulfate and sulfite. 

25 [0021] The combustion device is preferably an automotive internal combustion engine. In the lean region, exhaust 
gas discharged from the engine has an air-fuel ratio leaner (in fuel) than a stoichiometric value, in which the engine is 
supplied with air-fuel mixture having an air-fuel ratio leaner than the stoichiometric value. In the stoichiometric region, 
exhaust gas has a generally stoichiometric air-fuel ratio, in which the engine is supplied with air-fuel mixture having a 
generally stoichiometric air-fuel ratio. In the rich region, exhaust gas has an air-fuel ratio richer (in fuel) than the stoi- 

30 chiometric valve, in which the engine is supplied with air-fuel mixture having an air-fuel ratio richer than the stoichio- 
metric value. The NOx reduction catalyst is disposed in an exhaust gas passageway of the engine, in which exhaust 
gas of the engine flows through the exhaust gas passageway to be discharged into the atmospheric air. It will be 
understood that, in the lean region, the concentration of oxidizing gas such as NOx is high relative to that of reducing 
gas such as HC and CO. It will be understood that the combustion device may be a gas turbine engine, a combustor, 

35 a furnace, a burner, a boiler or the like. 

[0022] Here, usually S0 2 and the like (sulfur oxides) react with excessive oxygen to be adsorbed in the form of sulfate 
and/or sulfite onto the catalytic noble metal in the lean region. Almost whole S0 2 in exhaust gas makes its dissociative 
adsorption onto the catalytic noble metal (mainly Pt) to form sulfide in the range including the stoichiometric region 
and the rich region. 

40 [0023] According to the present invention, at least a part of the catalytic noble metal is supported on the oxygen 
adsorbable and releasable material (typically Ce0 2 ). Consequently, S0 2 can be adsorbed in the form of sulfate and/ 
or sulfite onto the catalytic noble metal in the lean region similarly to the above. Additionally, in the range including the 
stoichiometric region and the rich region, oxygen is released from the oxygen adsorbable and releasable material, and 
therefore this oxygen reacts with S0 2 and the like and adsorbed in the form of sulfate and/or sulfite onto the catalytic 

<5 noble metal carried on the oxygen adsorbable and releasable material, thereby preventing the catalytic noble metal 
from its sulfidization, as seen from Fig. 1 . 

[0024] In the specification of the present application, in the lean region, the amount of reducing gas such hydrocar- 
bons (HC), carbon monoxide(CO), hydrogen (H and the like in exhaust gas is small as compared with that of oxidizing 
gas such as nitrogen oxides (NOx), sulfur oxides (SOx) and the like. In the rich region, the amount of the reducing gas 
so such as HC, CO, H 2 and the like in exhaust gas is large as compared with the oxidizing gas such as NOx, SOx and 
the like. 

[0025] An example of the catalytic noble metal is platinum (Pt). It will be understood that sulfur is readily releasable 
from Pt sulfate and Pt sulfite as compared from Pt sulfide. When sulfur is kept in the form of sulfate and/or sulfite in 
the rich region, releasing sulfur-poisoning can be accomplished at a low temperature and for a short time so that Pt 
55 can immediately act as active site, as compared with being kept in the form of Pt sulfide. It is to be noted that the above 
advantageous effects can be obtained only in case that the catalytic noble metal (Pt and/or the like) is carried on the 
oxygen adsorbable and releasable material. Another example of the catalytic noble metal is palladium (Pt) or the like; 
however, Pd may unavoidably tend to make its sintering upon making its sulfur-poisoning, and therefore Pt is suitable 
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for the catalytic noble metal. 

[0026] Further, in case that Pt is carried on the oxygen absorbable and releasable material, a part of NOx in exhaust 
gas can be adsorbed on Pt. However, it is preferable to improve a NOx adsorbing ability of the NOx reduction catalyst 
in order to meet the recent strict exhaust gas emission regulations. For this purpose, the NOx reduction catalyst may 

5 include alkali metal, alkaline earth metal and/or rare earth metal, and/or any combination of alkali metal, alkaline earth 
metal and rare earth metal. As a result, the NOx reduction catalyst can adsorb NOx in the lean region and reduce the 
adsorbed NOx into nitrogen (N 2 ) in the range including the stoichiometric region and the rich region. 
[0027] A strongly basic compound such as a compound of alkali metal orthe like is usually subjected to strong sulfur- 
poisoning. However, even if the NOx reduction catalyst of the present invention is subjected to a sulfur-poisoning , first 

10 sulfur is released from Pt carried on the oxygen adsorbable and releasable material so as to restore Pt, and the ad- 
sorbing ability of a NOx adsorbing or trapping material can be restored under the action of the restored Pt, thereby 
making it possible very easily to release the sulfur-poisoning. Examples of the NOx adsorbing material or metal which 
has an ability of adsorbing or trapping NOx are barium (Ba), magnesium (Mg), sodium (Na), cesium (Cs), potassium 
(K) and/or the like. These metals are selected to be used in the NOx reduction catalyst according to a temperature 

15 range in which the NOx reduction catalyst is used. For example, the combination of barium and magnesium is appro- 
priately used in a temperature range of from 200 to 400 °C. The combination of barium, magnesium and sodium is 
appropriately used in a temperature range of from 250 to 450 °C. The combination of barium, magnesium and cesium 
is appropriately used in a temperature range of from 250 to 500 °C. The combination of barium, magnesium and calcium 
is used in a temperature range of from 300 to 550 °C. 

20 [0028] A further example of the catalytic noble metal is rhodium (Rh). In case that the rhodium is used as the catalytic 
noble metal in the NOx reduction catalyst, the NOx reduction efficiency can be improved when NOx adsorbed in the 
lean region is reduced in the range including the stoichiometric region and the rich region. 

[0029] The oxygen adsorbable and releasable material is very effective for releasing the sulfur-poisoning as dis- 
cussed above; however, if the amount of the oxygen adsorbable and releasable material is too much, a reducing agent 

25 which is inherently to be used for reducing NOx unavoidably reacts with oxygen released from the oxygen adsorbable 
and releasable material when NOx is reduced in the range including the stoichiometric region and the rich region, 
thereby providing a fear of lowering the NOx reduction efficiency. In view of such problem, the NOx reduction catalyst 
is formed to have outer and inner catalytic (coat) layers which are located one upon another, the outer catalytic layer 
being located outside relative to the inner catalytic layer with respect to flow of exhaust gas. The outer catalytic layer 

30 is smaller in amount of the oxygen adsorbable and releasable material than the inner layer. This can suppress the 
amount of consumption of the reducing agent. As a result of this arrangement, oxygen necessary for causing S0 2 in 
exhaust gas to be adsorbed in the form of sulfate and/or sulfite in the rich region is supplied from the inner catalytic 
layer, while reduction of NOx is carried out by the outer catalytic layer. In this arrangement, it is preferable that Rh for 
reduction of NOx is contained in the outer catalytic layer, since a sufficient effect of Rh cannot be exhibited even in 

35 case that Rh is contained in the inner catalytic layer thereby wasting Rh. It is preferable that the oxygen adsorbable 
and releasable material contained in the outer catalytic layer and that in the inner catalytic layer are within a weight 
ratio range of from 0.01 : 0.99 to 1 : 1 . If the amount of the oxygen adsorbable and releasable material contained in 
the inner layer is reduced less than that in the weight ratio range, a durability or NOx reduction efficiency (or NOx 
conversion rate) of the NOx reduction catalyst is lowered, as shown in Fig. 2. 

40 [0030] It is to be noted that the NOx adsorbing material or metal (having the ability of adsorbing or trapping NOx) 
such as Ba unavoidably absorbs SOx as well as NOx. Accordingly, it is preferable that the NOx absorbing material 
and the catalytic noble metal such as Pt and/or Rh coexist with each other in the NOx reduction catalyst, in which, for 
example, at least a part of Pt is carried on ceria (Ce0 2 ) to form a Pt/Ce0 2 catalyst component. In this case, first the 
sulfur-poisoning of Pt is released to restore Pt/Ce0 2 , and subsequently the restored Pt/Ce0 2 releases the sulfur- 

45 poisoning of the NOx adsorbing material by using hydrogen generated by a water gas shift reaction (CO + H 2 0 -> C0 2 
+ H 2 ). 

[0031] Here, it is particularly preferable that the amount of Pt carried on Ce0 2 is within a range of from 5 to 50 % by 
weight relative to the whole amount of Pt contained in the NOx reduction catalyst, in which such Pt carried on Ce0 2 
adsorbs SOx in exhaust gas in the form of sulfate and sulfite and therefore is effective for releasing the sulfur-poisoning. 

so if the amount of Pt carried on Ce0 2 is smaller than 5 % by weight, the amount of Pt serving for releasing the sulfur- 
poisoning is too small to give rise to the water gas shift reaction thereby making it difficult to release the sulfur-poisoning 
throughout the whole NOx reduction catalyst. If the amount Pt carried on Ce0 2 exceeds 50 % by weight, the amount 
of Pt serving for releasing the sulfur-poisoning become larger; however, the reducing agent (such as CO and HC) for 
reducing the adsorbed NOx unavoidably reacts with oxygen released from Ce0 2 before reduction of NOx, and therefore 

55 a reaction of conversion of from NOx to N 2 cannot proceed. 

[0032] The NOx adsorbing material is selected according to a temperature condition in which the NOx adsorbing 
material is used. For example, Mg is effective as the NOx adsorbing material in case that the temperature at a position 
immediately upstream (with respect to flow of exhaust gas) of the NOx reduction catalyst is within a range of from 200 
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to 300 °C; Ba is effective in case that the temperature at the same position is within a range of from 250 to 400 °C; Na 
is effective in case that the temperature at the same position is within a range of from 300 to 450 °C; and Cs is effective 
in case that the temperature of the same position is within a range of from 300 to 500 °C. These NOx adsorbing 
materials such as Mg, Ba, Na, Cs and the like may be carried on a single refractory inorganic material such as Ce0 2 , 

5 which makes it possible to maintain a good NOx adsorbing function throughout a wide temperature range. 

[0033] The above-mentioned Ce0 2 is contained in the NOx reduction catalyst, preferably in an amount ranging from 
3 to 100 g per one liter of the substrate. If the amount of Ce0 2 is smaller than 3 g per one liter of the substrate (for 
example, a monolithic substrate) or per one liter of the NOx reduction catalyst per se, releasing the sulfur-poisoning 
cannot be sufficiently accomplished. If the amount of Ce0 2 exceeds 100 g per one liter of the substrate, the reducing 

10 agent (such as CO and HC) for reducing the adsorbed NOx unavoidably reacts with oxygen released from Ce0 2 before 
reduction of NOx, and therefore the reaction of conversion of from NOx to N 2 may not proceed. 
[0034] Additionally, the above-mentioned Pt and/or Rh are contained in the NOx reduction catalyst, preferably in an 
amount ranging from 1 .4 to 4.3 g per one liter of the substrate. If the amount of Pt and/or Rh is smaller than 1 .4 g per 
one liter of the substrate or per one liter of the NOx reduction catalyst per se, the performance of the NOx reduction 

15 catalyst cannot be sufficient. Even if the amount of Pt and/or Rh is larger than 4.3 g per one liter of the substrate, the 
performance of the NOx reduction catalyst is saturated so that a production cost for each NOx reduction catalyst may 
rise. 

[0035] The above-mentioned Ce0 2 is combined with zirconium (Zr) to form a double (compound) oxide. In order to 
release the sulfur-poisoning, an exhaust gas temperature higher than a certain level is employed. More specifically, 

20 the exhaust gas temperature is preferably higher than 550 °C. For example, in case that the NOx reduction catalyst 
is disposed on an upstream side of the exhaust gas passageway of the engine, high exhaust gas temperature can be 
always employed. At this time, it is preferable to provide a durability under heat to the NOx reduction catalyst in order 
to maintain the specific surface area (for example, higher than 50 m 2 /g). The durability under heat can be effectively 
provided by combining CeO s and Zr to form a double oxide. 

25 [0036] A double (compound) carbonate containing Ba and Mg may be used as the NOx adsorbing material. In this 
case, the sulfur-poisoning can be further easily released. It is unnecessary that whole Ba and Mg form the double 
carbonate, so that the effect of releasing the sulfur-poisoning is assumed to be exhibited if at least a part of Ba and/or 
Mg form the double carbonate. More specifically, it is preferable that Ba and Mg to be used as the NOx adsorbing 
material form a carbonate represented by the following formula: 

30 

Ba x Mg y (C0 3 ) 2 

where x and y are atom ratios in which x = 0.5 to 1.999; y = 0.001 to 1.5; and x + y = 2.0. The double carbonate 
35 containing Ba and Mg can effectively contribute to reduction of NOx in a temperature range where the double carbonate 
is active, while improving the performance of releasing the sulfur-poisoning. 

[0037] Although single BaMg(C0 3 ) 2 can be detected by XRD (X-ray diffraction), the peak of BaMg(C0 3 ) 2 disappears 
when BaMg(C0 3 ) 2 is contained in the catalyst, in which the monoclinic peak of BaC03 appears in place of BaMg 
(C0 3 ) 2 , as shown in Fig. 3. Usually, only BaC0 3 of orthorhombic crystal system appears, and therefore It is assumed 
40 that judgment as to whether BaMg(C0 3 ) 2 forms a double carbonate or not can be made. 

[0038] The above-mentioned Ba as the NOx adsorbing material is included in the NOx reduction catalyst, preferably 
in an amount ranging from 5 to 30 g (in the form of BaO or calculated as oxide) per one liter of the substrate or per 
one liter of the NOx reduction catalyst per se. The above-mentioned Mg as the NOx adsorbing material is included in 
the NOx reduction catalyst, preferably in an amount ranging from 1 to 10 g (in the form of MgO or calculated as oxide) 
45 per one liter of the substrate or per one liter of the NOx reduction catalyst per se. The above-mentioned Na as the NOx 
adsorbing material is included in the NOx reduction catalyst, preferably in an amount ranging from 0.5 to 20.0 g per 
one liter of the substrate or per one liter of the NOx reduction catalyst per se. The above-mentioned Cs as the NOx 
adsorbing material is included in the NOx reduction catalyst, preferably in an amount ranging from 5 to 30 g (in the 
form of Cs 2 0 or calculated as oxide) per one liter of the substrate or per one liter of the NOx catalyst per se. The above- 
so mentioned K is contained in the NOx reduction catalyst, preferably in an amount ranging from 0.5 to 30 g (in the form 
of K 2 0 or calculated as oxide) per one liter of the substrate or per one liter of the NOx reduction catalyst per se. If the 
contents of the above NOx adsorbing materials are smaller than the above-mentioned ranges, the ability of adsorbing 
NOx tends to become insufficient. Even if the contents of the above NOx adsorbing materials exceed the above ranges, 
the NOx adsorbing ability is saturated while excessive alkali metal and alkaline earth metal may not only promote the 
55 sulfur-poisoning but also degrade the durability (under heat) of the noble metal (such as Pt and Rh). 

[0039] According to the present invention, as shown in Fig. 6, a NOx reduction system is arranged for exhaust gas 
discharged from the combustion device (i.e., internal combustion engine or combustor) operable in the lean region and 
in the range including the stoichiometric region and the rich region. The NOx reduction system comprises the NOx 
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reduction catalyst including the catalytic noble metal, and the oxygen adsorbable and releasable material which carries 
at least a part of the catalytic noble metal, wherein the catalytic noble metal carried on the oxygen adsorbable and 
releasable material adsorbs SOx in the exhaust gas, in the form of at least one of sulfate and sulfite. Additionally, a 
device is provided for controlling an air-fuel (air/fuel) ratio of an air-fuel mixture to be supplied to the combustion device, 
within a range of not smaller than 15 in the lean region. The device may be a fuel injector provided to the engine to 
inject metered fuel into a combustion chamber of the engine. 

[0040] When the internal combustion engine or the combustor provided with the NOx reduction catalyst according 
to the present invention is operated in the lean region, it is preferable that an air-fuel (air/fuel) ratio of an air-fuel mixture 
to be supplied to the engine or the combustor is not smaller than 1 5.0, in which oxygen can be readily adsorbed to the 
oxygen adsorbable and releasable material (mainly Ce0 2 ). 

[0041] According to the present invention, as shown in Fig. 7, another NOx reduction system is arranged for exhaust 
gas discharged from the combustion device (i.e., the engine or the like) operable in the lean region and in the range 
including the stoichiometric region and the rich region. The NOx reduction system comprises an exhaust gas passage- 
way through which exhaust gas from the combustion device flows. The NOx reduction catalyst is disposed in the 
exhaust gas passageway and includes the catalytic noble metal, and the oxygen adsorbable and releasable material 
which carries at least a part of the catalytic noble metal, wherein the catalytic noble metal carried on the oxygen 
adsorbable and releasable material adsorbs SOx in the exhaust gas, in the form of at least one of sulfate and sulfite. 
A device is provided for causing secondary air to flow into the exhaust gas passageway upstream of the NOx reduction 
catalyst in the range including the stoichiometric region and the rich region. 

[0042] When the engine or the like is operated in the range including the stoichiometric region and the rich region, 
it is preferable to increase the rate of oxygen in exhaust gas to be flown to the NOx reduction catalyst by supplying so- 
called secondary air to exhaust gas. This further increases the concentration of oxygen in exhaust gas in addition to 
release of oxygen from the oxygen adsorbable and releasable material, thereby making it possible to further facilitate 
releasing the sulfur-poisoning. Further, when the air-fuel ratio of the air-fuel mixture to be supplied to the engine or the 
like is within a range of from 15 to 50 (or in the lean region) and within a range of from 10.0 to 14.6 (or in the rich 
region), NOx can be effectively reduced to purify exhaust gas from the engine or the like. 

[0043] It will be understood that Ba, Mg, Na, Cs and K usable as the NOx adsorbing material are not limited to 
carbonate and therefore may be used in the form of oxide, hydroxide and/or the like. 

[0044] The NOx reduction catalyst of the present invention is used in a variety of shapes. For example, the catalyst 
components of the NOx reduction catalyst are carried on a honeycomb-type monolithic substrate or the like formed of 
cordierite, stainless steel or the like, in which powder (pulverized material) of the catalyst components in the catalytic 
layer is coated in the form of slurry on the surface of each wall defining a cell serving as a gas passage through which 
exhaust gas flows. The catalyst components may be carried on the wall of the monolithic substrate, in a manner to 
form a plurality of catalytic coat layers on the wall of the monolithic substrate. 

EXAMPLES 

[0045] The present invention will be more readily understood with reference to the following Examples in comparison 
with Comparative Examples; however, these Examples are intended to illustrate the invention and are not to be con- 
strued to limit the scope of the invention. 

EXAMPLE 1 

[0046] First, activated alumina having a specific surface area of 180 m 2 was impregnated with a solution of dinitro- 
diammine platinum (Pt) and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder A which 
had a Pt concentration of 1 .5 % by weight. 

[0047] Then, activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of dinitrodiam- 
mine platinum (Pt) and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder B which had a 
Pt concentration of 1 ,5 % by weight. 

[0048] Subsequently, a porcelain ball mill was charged with 463.7 g of Powder A, 100.8 g of Powder B, 127.4 g of 
activated alumina, 28.8 g of alumina sol, and 1 080 g of water, upon which mixing and grinding were made in the ball 
mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 
under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer having a weight of 200 g per one liter 
of the monolithic substrate. 

[0049] The thus produced catalyst was dipped in an aqueous solution containing barium acetate and magnesium 



EP 1 241 329 A2 



acetate, thereby impregnating the catalytic coat iayer with barium and magnesium. As a result, a NOx reduction catalyst 
of this Example was produced as shown in Fig. 4. As shown in Table 1 , this NOx reduction catalyst contained Pt, Ba 
and Mg respectively in amounts of 2.35 g, 20 g (calculated as oxide) and 5 g (calculated as oxide) per one liter of the 
monolithic substrate. Additionally, this NOx reduction catalyst contained Ce0 2 in an amount of 28 g per one liter of the 
5 monolithic substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole Pt contained in the NOx reduction 
catalyst. 

EXAMPLE 2 

10 [0050] First, activated alumina having a specific surface area of 1 80 m 2 was impregnated with a solution of Rh nitrate 
and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder C which had a Rh concentration of 
1 % by weight. 

[0051] Subsequently, a porcelain ball mill was charged with 370.7 g of Powder A, 80.6 g of Powder B, 135.9 g of 
Powder C r 109.7 g of activated alumina, 23 g of alumina sol, and 1080 g of water, upon which mixing and grinding 

is were made in the ball mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic 
monolithic substrate having a volume of 1.7 liters and 400 cells per square inch. The cells were formed extending 
throughout the length of the monolithic substrate. The coated monolithic substrate was blown with air to remove ex- 
cessive slurry in the cells under the action of air stream. Thereafter, the coated monolithic substrate was dried at 1 30 
°C and then calcined at 400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer having a. . 

20 weight of 250 g per one liter of the monolithic substrate. 

[0052] The thus produced catalyst was dipped in an aqueous solution containing barium acetate and magnesium 
acetate, thereby impregnating the catalytic coat layer with barium and magnesium. As a result, a NOx reduction catalyst 
of this Example was produced. As shown in Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba and Mg respec- 
tively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) and 5 g (calculated as oxide) per one liter of the monolithic 

25 substrate. Additionally, Pt and Rh contained in this NOx reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which 
the total weight of them was 2.82 g per one liter of the monolithic substrate. The NOx reduction catalyst contained 
Ce0 2 in an amount of 28 g per one liter of the monolithic substrate, in which Pt carried on Ce0 2 was 18 % by weight 
of the whole Pt contained in the NOx reduction catalyst. 

30 EXAMPLE 3 

[0053] First, activated alumina haying a specific surface area of 180 m 2 was impregnated with a solution of dinitro- 
diammine platinum (Pt) and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder D which 
had a Pt concentration of 0.6 % by weight. 

35 [0054] Subsequently, a porcelain ball mill was charged with 579.6 g of Powder D, 51.1 g of Powder B ( 57.6 g of 
activated alumina, 32.4 g of alumina sol and 1080 g of water, upon which mixing and grinding were made in the ball 
mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 

40 under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one 
liter of the monolithic substrate. 

[0055] Thereafter, a porcelain ball mill was charged with 308.9 g of Powder A, 67.7 g of Powder B, 226.8 g of Powder 
C, 92.9 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding were made 

45 in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be coated on 
the catalytic coat layer 1 , The thus coated catalyst was blown with air to remove excessive slurry In the cells under the 
action of air stream. Thereafter, the coated catalyst was dried at 1 30 °C and then calcined at 400 °C for 1 hour thereby 
forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 150 g per one 
liter of the monolithic substrate. 

50 [0056] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced as shown in Fig. 5. As shown in 
Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g 
(calculated as oxide) and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh 

55 contained in this NOx reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 
g per one liter of the monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one 
liter of the monolithic substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole Pt contained in the NOx 
reduction catalyst, and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 
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were in a weight ratio of 1 : 1 . 
EXAMPLE 4 

5 [0057] First, a porcelain ball mill was charged with 579.6 g of Powder D, 97.9 g of Powder B, 10.1 g of activated 
alumina, 32.4 g of alumina sol and 1 080 g of water, upon which mixing and grinding were made in the ball mill, thereby 
obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate having a volume 
of 1.7 liters and 400 cells per square inch. The cells were formed extending throughout the length of the monolithic 
substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells under the action 

10 of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 400 °C for 1 hour 
thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one liter of the monolithic 
substrate. 

[0058] Subsequently, a porcelain ball mill was charged with 308.9 g of Powder A, 7.2 g of Powder B, 226.8 g of 
Powder C, 153.3 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding 

'5 were made in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to 
be coated on the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the 
cells under the action of air stream. Thereafter, the coated catalyst was dried at 130 °C and then calcined at 400 °C 
for 1 hour thereby forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight 
of 150 g per one liter of the monolithic substrate. 

20 [0059] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 1 , this NOx 
reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 

25 reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the 
monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic 
substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole Pt contained in the NOx reduction catalyst, 
and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 0.97: 0.03. 

30 

EXAMPLE 5 

[0060] A procedure of Example 3 was repeated with the following exceptions: After the catalytic coat layer 2 had 
been formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, 

35 the produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous solution con- 
taining barium acetate, magnesium acetate and sodium acetate, thereby impregnating the catalytic coat layers with 
barium, magnesium and sodium. As a result, a NOx reduction catalyst of this Example was produced. As shown in 
Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba, Mg and Na respectively in amounts of 2.35 g, 0.47 g, 20 g 
(calculated as oxide), 5 g (calculated as oxide) and 1 0 g (calculated as oxide) per one liter of the monolithic substrate. 

40 Additionally, Pt and Rh contained in this NOx reduction catalyst had a weight ratio (Pt/Rh) of 5/1, in which the total 
weight of them was 2.82 g per one liter of the monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an 
amount of 28.2 g per one liter of the monolithic substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole 
Pt contained in the NOx reduction catalyst, and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in 
the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

45 

EXAMPLE 6 

[0061] A procedure of Example 3 was repeated with the following exceptions: After the catalytic coat layer 2 had 
been formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, 

so the produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous solution con- 
taining barium acetate, magnesium acetate and cesium acetate, thereby impregnating the catalytic coat layers with 
barium, magnesium and cesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in 
Table 1, this NOx reduction catalyst contained Pt, Rh, Ba, Mg and Cs respectively in amounts of 2.35 g, 0.47 g, 10 g 
(calculated as oxide), 5 g (calculated as oxide) and 20 g (calculated as oxide) per one liter of the monolithic substrate. 

55 Additionally, Pt and Rh contained in this NOx reduction catalyst had a weight ratio (Pt/Rh) of 5/1, in which the total 
weight of them was 2.82 g per one liter of the monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an 
amount of 28.2 g per one liter of the monolithic substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole 
Pt contained in the NOx reduction catalyst, and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in 
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the catalytic coat layer 2 were in a weight ratio of 1 : 1. 
EXAMPLE 7 

5 [0062] A procedure of Example 3 was repeated with the following exception: After the catalytic coat layer 2 had been 
formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, the 
produced catalyst formed with the two (inner and outer) catalytic coat layers was dipped in an aqueous solution con- 
taining barium acetate, magnesium acetate, sodium acetate and potassium acetate, thereby impregnating the catalytic 
coat layers with barium, magnesium, sodium and potassium. As a result, a NOx reduction catalyst of this Example was 

10 produced. As shown in Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba, Mg and K respectively in amounts 
of 2.35 g, 0.47 g, 20 g (calculated as oxide), 5 g (calculated as oxide) and 20 g (calculated as oxide) per one liter of 
the monolithic substrate. Additionally, Pt and Rh contained in this NOx reduction catalyst had a weight ratio (Pt/Rh) of 
5/1 , in which the total weight of them was 2.82 g per one liter of the monolithic substrate. The NOx reduction catalyst 
contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic substrate, in which Pt carried on Ce0 2 was 18 

15 % by weight of the whole Pt contained in the NOx reduction catalyst, and Ce0 2 contained in the catalytic coat layer 1 
and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

EXAMPLE 8 

20 [0063] A procedure of Example 3 was repeated with the following exceptions: After the catalytic coat layer 2 had 
been formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, 
the produced catalyst formed with the two (inner and outer) catalytic coat layers was dipped in an aqueous solution 
containing barium acetate, magnesium acetate, sodium acetate and cesium acetate, thereby impregnating the catalytic 
coat layers with barium, magnesium, sodium and cesium. As a result, a NOx reduction catalyst of this Example was 

25 produced. As shown in Table 1, this NOx reduction catalyst contained Pt, Rh, Ba, Mg, Na and Cs respectively in 
amounts of 2.35 g, 0.47 g, 10 g (calculated as oxide), 5 g (calculated as oxide), 5 g (calculated as oxide) and 20 g 
(calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx reduction 
catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the monolithic 
substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic substrate, 

30 j n which Pt carried on Ce0 2 was 18 % by weight of the whole Pt contained in the NOx reduction catalyst, and Ce0 2 
contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

EXAMPLE 9 

35 [0064] A procedure of Example 3 was repeated with the following exceptions: After the catalytic coat layer 2 had 
been formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, 
the produced catalyst formed with the two (inner and outer) catalytic coat layers was dipped in an aqueous solution 
containing barium acetate, magnesium acetate, sodium acetate and potassium acetate, thereby impregnating the cat- 
alytic coat layers with barium, magnesium, sodium and potassium. As a result, a NOx reduction catalyst of this Example 

40 was produced. As shown in Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba, Mg, Na and K respectively in 
amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide), 5 g (calculated as oxide), 5 g (calculated as oxide) and 20 g 
(calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx reduction 
catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the monolithic 
substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic substrate, 

45 in which Pt carried on Ce0 2 was 18 % by weight of the whole Pt contained in the NOx reduction catalyst, and Ce0 2 
contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

EXAMPLE 10 

50 [0065] A procedure of Example 3 was repeated with the following exceptions: After the catalytic coat layer 2 had 
been formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, 
the produced catalyst formed with the two (inner and outer) catalytic coat layers was dipped in an aqueous solution 
containing barium acetate, magnesium acetate, cesium acetate and potassium acetate, thereby impregnating the cat- 
alytic coat layers with barium, magnesium, cesium and potassium. As a result, a NOx reduction catalyst of this Example 

55 was produced. As shown in Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba, Mg, Cs and K respectively in 
amounts of 2.35 g, 0.47 g, 10 g (calculated as oxide), 5 g (calculated as oxide), 10 g (calculated as oxide) and 10 g 
(calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx reduction 
catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the monolithic 
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substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic substrate, 
in which Pt carried on Ce0 2 was 18 % by weight of the whole Pt contained in the NOx reduction catalyst, and Ce0 2 
contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

s EXAMPLE 11 

[0066] A procedure of Example 3 was repeated with the following exceptions: After the catalytic coat layer 2 had 
been formed on the catalytic coat layer 1 to produce the catalyst formed with two (inner and outer) catalytic coat layers, 
the produced catalyst formed with the two (inner and outer) catalytic coat layers was dipped in an aqueous solution 

10 containing barium acetate, magnesium acetate, sodium acetate, cesium acetate and potassium acetate, thereby im- 
pregnating the catalytic coat layers with barium, magnesium, cesium and potassium. As a result, a NOx reduction 
catalyst of this Example was produced. As shown in Table 1 , this NOx reduction catalyst contained Pt, Rh, Ba, Mg, 
Na, Cs and K respectively in amounts of 2.35 g, 0.47 g, 10 g (calculated as oxide), 5 g (calculated as oxide), 5g 
(calculated as oxide), 1 0 g (calculated as oxide) and 1 0 g (calculated as oxide) per one liter of the monolithic substrate. 

15 Additionally, Pt and Rh contained in this NOx reduction catalyst had a weight ratio (Pt/Rh) of 5/1, in which the total 
weight of them was 2.82 g per one liter of the monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an 
amount of 28.2 g per one liter of the monolithic substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole 
Pt contained in the NOx reduction catalyst, and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in 
the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

20 

EXAMPLE 12 

[0067] A procedure of Example 3 was repeated with the exception that activated ceria for Powder B of Example 3 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
25 a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 1 . 

EXAMPLE 13 

[0068] A procedure of Example 4 was repeated with the exception that activated ceria for Powder B of Example 4 
30 was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 1 . 

EXAMPLE 14 

35 [0069] A procedure of Example 5 was repeated with the exception that activated ceria for Powder B of Example 5 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 1. 

EXAMPLE 15 

40 

[0070] A procedure of Example 6 was repeated with the exception that activated ceria for Powder B of Example 6 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 1 . 

45 EXAMPLE 16 

[0071] A procedure of Example 7 was repeated with the exception that activated ceria for Powder B of Example 7 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 1 . 

50 

EXAMPLE 17 

[0072] A procedure of Example 8 was repeated with the exception that activated ceria for Powder B of Example 8 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
55 a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Fig. 1 . 
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EXAMPLE 18 

[0073] A procedure of Example 9 was repeated with the exception that activated ceria for Powder B of Example 9 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
s a NOx reduction catalyst of this Exampie. A composition of this NOx reduction catalyst is shown in Table 1 . 

EXAMPLE 19 

[0074] A procedure of Example 1 0 was repeated with the exception that activated ceria for Powder B of Example 1 0 
io was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 1 . 

EXAMPLE 20 

15 [0075] A procedure of Example 1 1 was repeated with the exception that activated ceria for Powder B of Example 1 1 
was replaced with a Ce-Zr double oxide which was prepared by combining 25% by weight of Zr0 2 , thereby producing 
a NOx reduction catalyst of this Exampie. A composition of this NOx reduction catalyst is shown in Table 1 . 

COMPARATIVE EXAMPLE 1 

20 

[0076] First, activated alumina having a specific surface area of 1 80 m 2 was impregnated with a solution of palladium 
nitrate and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder E which had a Pd concentration 
of 1 .5 % by weight. 

[0077] Activated alumina having a specific surface area of 180 m 2 was impregnated with a solution of palladium 
25 nitrate and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder E which had a Pd concentration 
of 0.6 % by weight. 

[0078] Activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of palladium nitrate 
and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder G which had a Pd concentration of 
1 .5 % by weight. 

30 [0079] Subsequently, a porcelain ball mill was charged with 579.6 g of Powder F, 51.1 g of Powder G, 57.6 g of 
activated alumina, 32.4 g of alumina sol and 1080 g of water, upon which mixing and grinding were made in the ball 
mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1.7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 

35 under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one 
liter of the monolithic substrate. 

[0080] Thereafter, a porcelain ball mill was charged with 308.9 g of Powder E, 67.7 g of Powder G, 226.8 g of Powder 
C, 92.9 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding were made 

40 jn the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be coated on 
the catalytic coat layer 1 . The thus coatecf catalyst was blown with air to remove excessive slurry in the cells under the 
action of air stream. Thereafter, the coated catalyst was dried at 130 °C and then calcined at 400 °C for 1 hour thereby 
forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 1 50 g per one 
liter of the monolithic substrate. 

45 [0081 ] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 
reduction catalyst contained Pd, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pd and Rh contained in this NOx 

so reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the 
monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic 
substrate, in which Pd carried on Ce0 2 was 18 % by weight of the whole Pd contained in the NOx reduction catalyst, 
and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 1:1. 

55 

COMPARATIVE EXAMPLE 2 

[0082] First, activated alumina having a specific surface area of 180 m 2 was impregnated with a solution of dinitro- 
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diammine platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder H which had a 
Pt concentration of 1 .75 % by weight. 

[0083] Activated alumina having a specific surface area of 1 80 rn 2 was impregnated with a solution of dinitrodiammine 
platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder I which had a Pt concen- 
5 tration of 0.7 % by weight. 

[0084] Activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of dinitrodiammine 
platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder J which had a Pt concen- 
tration of 0.33 % by weight. 

[0085] Subsequently, a porcelain ball mill was charged with 579.6 g of Powder I, 51.1 g of Powder J, 57.6 g of 
10 activated alumina, 32.4 g of alumina sol and 1 080 g of water, upon which mixing and grinding were made in the bail 
mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 
under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
is 400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one 
liter of the monolithic substrate. 

[0086] Thereafter, a porcelain ball mill was charged with 308.9 g of Powder H, 67.7 g of Powder J, 226.8 g of Powder 
C, 92.9 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding were made 
in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be coated on 
20 the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the cells under the 
action of air stream. Thereafter, the coated catalyst was dried at 130 °C and then calcined at 400 °C for 1 hour thereby 
forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 1 50 g per one 
liter of the monolithic substrate. 

[0087] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
25 solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 
reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g p 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 
reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the 
30 monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic 
substrate, in which Pt carried on Ce0 2 was 4 % by weight of the whole Pt contained in the NOx reduction catalyst, and 
Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio of 1 : 1 . 

COMPARATIVE EXAMPLE 3 

35 

[0088] First, activated alumina having a specific surface area of 180 m 2 was impregnated with a solution of dinitro- 
diammine platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder K which had a 
Pt concentration of 0.89 % by weight. 

[0089] Activated alumina having a specific surface area of 1 80 m 2 was impregnated with a solution of dinitrodiammine 
40 platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder L which had a Pt concen- 
tration of 0.36 % by weight. 

[0090] Activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of dinitrodiammine 
platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder M which had a Pt concen- 
tration of 4.3 % by weight. 

45 [0091] Subsequently, a porcelain ball mil! was charged with 579.6 g of Powder L, 51.1 g of Powder M, 57.6 g of 
activated alumina, 32.4 g of alumina sol and 1080 g of water, upon which mixing and grinding were made in the ball 
mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 

so under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one 
liter of the monolithic substrate. 

[0092] Thereafter, a porcelain ball mill was charged with 308.9 g of Powder K, 67.7 g of Powder M, 226.8 g of Powder 
C, 92.9 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding were made 
55 jn the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be coated on 
the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the cells under the 
action of air stream. Thereafter, the coated catalyst was dried at 1 30 °C and then calcined at 400 °C for 1 hour thereby 
forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 150 g per one 
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liter of the monolithic substrate. 

[0093] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 

5 reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 
reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the 
monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic 
substrate, in which Pt carried on Ce0 2 was 51 % by weight of the whole Pt contained in the NOx reduction catalyst, 

10 and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 1 : 1 . 

COMPARATIVE EXAMPLE 4 

is [0094] First, activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of dinitrodiam- 
mine platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder N which had a Pt 
concentration of 1 1 .8 % by weight. 

[0095] Subsequently, a porcelain ball mill was charged with 634.7 g of Powder D, 3.6 g of Powder N, 49.7 g of 
activated alumina, 32.4 g of alumina sol and .1080 g of water, upon which mixing and grinding were made in the ball 

20 mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 
under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one 

25 liter of the monolithic substrate. 

[0096] Thereafter, a porcelain ball mill was charged with 338.4 g of Powder A, 4.8 g of Powder N, 226.8 g of Powder 
C, 1 50.2 g of activated alumina, 23.6 g of alumina sol and 1 080 g of water, upon which mixing and grinding were made 
in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be coated on 
the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the cells under the 

30 action of air stream. Thereafter, the coated catalyst was dried at 130 °C and then calcined at 400 °C for 1 hour thereby 
forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 150 g per one 
liter of the monolithic substrate. 

[0097] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 

35 and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 
reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 
reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the 
monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 2 g per one liter of the monolithic 

40 substrate, in which Pt carried on Ce0 2 was 10 % by weight of the whole Pt contained in the NOx reduction.catalyst, 
and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 1:1. 

COMPARATIVE EXAMPLE 5 

45 

[0098] First, activated alumina having a specific surface area of 1 80 m 2 was impregnated with a solution of dinitro- 
diammine platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder O which had a 
Pt concentration of 2.0 % by weight. 

[0099] Activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of dinitrodiammine 
so platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder P which had a Pt concen- 
tration of 0.47 % by weight. 

[0100] Subsequently, a porcelain ball mill was charged with 483.5 g of Powder I, 181.8 g of Powder P, 22.7 g of 
activated alumina, 32.4 g of alumina sol and 1080 g of water, upon which mixing and grinding were made in the ball 
mill, thereby obtaining a sluiry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
55 having a volume of 1 .7 liters and 400 cells per square inch. The ceils were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 
under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one 
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liter of the monolithic substrate. 

[0101] Thereafter, a porcelain ball mill was charged with 225.6 g of Powder O, 242.4 g of Powder P f 226.8 g of 
Powder C, 1 .4 g of activated alumina, 23.8 g of alumina sol and 1 080 g of water, upon which mixing and grinding were 
made in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be 
5 coated on the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the cells 
under the action of air stream. Thereafter, the coated catalyst was dried at 130 °C and then calcined at 400 °C for 1 
hour thereby forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 
150 g per one liter of the monolithic substrate. 

[0102] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
10 solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 
reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 
reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 2.82 g per one liter of the 
is monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 1 01 g per one liter of the monolithic 
substrate, in which Pt carried on Ce0 2 was 20 % by weight of the whole Pt contained in the NOx reduction catalyst, 
and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 1:1. 

20 COMPARATIVE EXAMPLE 6 

[0103] First, activated alumina having a specific surface area of 180 m 2 was impregnated with a solution of dinitro- 
diammine platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder Q which had a 
Pt concentration of 0.69 % by weight. 
25 [01 04] Activated alumina having a specific surf ace area of 1 80 m 2 was impregnated with a solution of dinitrodiammine 
platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder R which had a Pt concen- 
tration of 0.27 % by weight. 

[0105] Activated ceria having a specific surface area of 60 m 2 was impregnated with a solution of dinitrodiammine 
platinum and then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder S which had a Pt concen- 
30 tration of 0.69 % by weight. 

[0106] Activated alumina having a specific surface area of 180 m 2 was impregnated with a solution of Rh nitrate and 
then calcined in air at 400 °C for 1 hour after drying thereby obtaining Powder T which had a Rh concentration of 0.47 
% by weight. 

[0107] Subsequently, a porcelain ball mill was charged with 579.6 g of Powder R, 51 .1 g of Powder S, 57.6 g of 
35 activated alumina, 32.4 g of alumina sol and 1080 g of water, upon which mixing and grinding were made in the ball 
mill, thereby obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate 
having a volume of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of 
the monolithic substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells 
under the action of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 
40 400 °C for 1 hour thereby producing a catalyst formed with a catalytic coat layer_1 having a weight of 200 g per one 
liter of the monolithic substrate. 

[0108] Thereafter, a porcelain ball mill was charged with 308.9 g of Powder Q, 67.7 g of Powder S, 226.8 g of Powder 
T, 92.9 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding were made 
in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to be coated on 
45 the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the cells under the 
action of air stream. Thereafter, the coated catalyst was dried at 1 30 °C and then calcined at 400 °C for 1 hour thereby 
forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight of 150 g per one 
liter of the monolithic substrate. 

[0109] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
so solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 
and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 
reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 1.08 g, 0.22 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 
reduction catalyst had a weight ratio (Pt/Rh) of 5/1 , in which the total weight of them was 1 .3 g per one liter of the 
55 monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic 
substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole Pt contained in the NOx reduction catalyst, 
and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 1:1. 
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COMPARATIVE EXAMPLE 7 

[0110] First, a porcelain ball mill was charged with 579.6 g of Powder D, 43.9 g of Powder B, 64.1 g of activated 
alumina, 32.4 g of alumina sol and 1080 g of water, upon which mixing and grinding were made in the ball mill, thereby 

5 obtaining a slurry. This slurry was coated on a honeycomb-type cordierite ceramic monolithic substrate having a volume 
of 1 .7 liters and 400 cells per square inch. The cells were formed extending throughout the length of the monolithic 
substrate. The coated monolithic substrate was blown with air to remove excessive slurry in the cells under the action 
of air stream. Thereafter, the coated monolithic substrate was dried at 130 °C and then calcined at 400 °C for 1 hour 
thereby producing a catalyst formed with a catalytic coat layer 1 having a weight of 200 g per one liter of the monolithic 

10 substrate. 

[0111] Subsequently, a porcelain ball mill was charged with 308.9 g of Powder A, 76.8 g of Powder B, 83.7 g of 
Powder C, 153.3 g of activated alumina, 23.8 g of alumina sol and 1080 g of water, upon which mixing and grinding 
were made in the ball mill, thereby obtaining a slurry. This slurry was applied on the catalyst in such a manner as to 
be coated on the catalytic coat layer 1 . The thus coated catalyst was blown with air to remove excessive slurry in the 
is cells under the action of air stream. Thereafter, the coated catalyst was dried at 130 °C and then calcined at 400 °C 
for 1 hour thereby forming a catalytic coat layer 2 on the catalytic coat layer 1 . The catalytic coat layer 2 had a weight 
of 1 50 g per one liter of the monolithic substrate. 

[01 1 2] The thus produced catalyst formed with two (inner and outer) catalytic coat layers was dipped in an aqueous 
solution containing barium acetate and magnesium acetate, thereby impregnating the catalytic coat layers with barium 

20 and magnesium. As a result, a NOx reduction catalyst of this Example was produced. As shown in Table 2, this NOx 
reduction catalyst contained Pt, Rh, Ba and Mg respectively in amounts of 2.35 g, 0.47 g, 20 g (calculated as oxide) 
and 5 g (calculated as oxide) per one liter of the monolithic substrate. Additionally, Pt and Rh contained in this NOx 
reduction catalyst had a weight ratio (Pt/Rh) of 5/1, in which the total weight of them was 2.82 g per one liter of the 
monolithic substrate. The NOx reduction catalyst contained Ce0 2 in an amount of 28.2 g per one liter of the monolithic 

25 substrate, in which Pt carried on Ce0 2 was 1 8 % by weight of the whole Pt contained in the NOx reduction catalyst, 
and Ce0 2 contained in the catalytic coat layer 1 and Ce0 2 contained in the catalytic coat layer 2 were in a weight ratio 
of 1 : 1 .3. 

COMPARATIVE EXAMPLE 8 

30 

[01 13] A procedure of Example 3 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium and magnesium so as to contain Ba and Mg which were respectively in amounts 
of 4 g (calculated as oxide) and 0.9 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 2. 

35 

COMPARATIVE EXAMPLE 9 

[01 14] A procedure of Example 3 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium and magnesium so as to contain Ba and Mg which were respectively in amounts 
40 of 31 g (calculated as oxide) and 1 1 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 10 

45 [01 15] A procedure of Example 5 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium and sodium so as to contain Ba, Mg and Na which were respectively 
in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide) and 0.4 g (calculated as oxide) per one liter of the 
monolithic substrate, thereby producing a NOx reduction catalyst of this Example. A composition of this NOx reduction 
catalyst is shown in Table 2. 

so 

COMPARATIVE EXAMPLE 11 

[01 16] A procedure of Example 5 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium and sodium so as to contain Ba, Mg and Na which were respectively 
ss in amounts of 31 g (calculated as oxide), 11 g (calculated as oxide) and 21 g (calculated as oxide) per one liter of the 
monolithic substrate, thereby producing a NOx reduction catalyst of this Example. A composition of this NOx reduction 
catalyst is shown in Table 2. 
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COMPARATIVE EXAMPLE 12 

[01 1 7] A procedure of Example 6 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium and cesium so as to contain Ba, Mg and Cs which were respectively 
5 in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide) and 4 g (calculated as oxide) per one liter of the 
monolithic substrate, thereby producing a NOx reduction catalyst of this Example. A composition of this NOx reduction 
catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 13 

10 

[01 18] A procedure of Example 6 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium and cesium so as to contain Ba, Mg and Cs which were respectively 
in amounts of 31 g (calculated as oxide), 11 g (calculated as oxide) and 31 g (calculated as oxide) per one liter of the 
monolithic substrate, thereby producing a NOx reduction catalyst of this Example. A composition of this NOx reduction 
is catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 14 

[0119] A procedure of Example 7 was repeated with the exception that the two catalytic coat layers of the produced 
20 catalyst were impregnated with barium, magnesium and potassium so as to contain Ba, Mg and K which were respec- 
tively in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide) and 0.4 g (calculated as oxide) per one liter 
of the monolithic substrate, thereby producing a NOx reduction catalyst of this Example. A composition of this NOx 
reduction catalyst is shown in Table 2. 

25 COMPARATIVE EXAMPLE 15 

[01 20] A procedure of Example 7 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium and potassium so as to contain Ba, Mg and K which were respec- 
tively in amounts of 31 g (calculated as oxide), 1 1 g (calculated as oxide) and 31 g (calculated as oxide) per one titer 
30 of the monolithic substrate, thereby producing a NOx reduction catalyst of this Example. A composition of this NOx 
reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 16 

35 [01 21 ] A procedure of Example 8 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium, sodium and cesium so as to contain Ba, Mg, Na and Cs which 
were respectively in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide), 0.4 g (calculated as oxide) and 
4 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing a NOx reduction catalyst of this 
Example. A composition of this NOx reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 17 

[01 22] A procedure of Example 8 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium and cesium so as to contain Ba, Mg, Na and Cs which were 
« respectively in amounts of 31 g (calculated as oxide), 11 g (calculated as oxide), 21 g (calculated as oxide) and 31 g 
(calculated as oxide) per one liter of the monolithic substrate, thereby producing a NOx reduction catalyst of this Ex- 
ample. A composition of this NOx reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 18 

50 

[01 23] A procedure of Example 9 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium, sodium and potassium so as to contain Ba, Mg, Na and K which 
were respectively in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide), 0.4 g (calculated as oxide) and 
0.4 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing a NOx reduction catalyst of this 
55 Example. A composition of this NOx reduction catalyst is shown in Table 2. 
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COMPARATIVE EXAMPLE 19 

[0124] A procedure of Example 9 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium, sodium and potassium so as to contain Ba, Mg, Na and K which 
5 were respectively in amounts of 31 g (calculated as oxide), 11 g (calculated as oxide), 21 g (calculated as oxide) and 
31 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing a NOx reduction catalyst of this 
Example. A composition of this NOx reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 20 

10 

[01 25] A procedure of Example 1 0 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium, cesium and potassium so as to contain Ba, Mg, Cs and K which 
were respectively in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide), 4 g (calculated as oxide) and 
0.4 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing a NOx reduction catalyst of this 
is Example. A composition of this NOx reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 21 

[0126] A procedure of Example 1 0 was repeated with the.exception that the two catalytic coat layers of the produced 
20 catalyst were impregnated with barium, magnesium, cesium and potassium so as to contain Ba, Mg, Cs and K which 
were respectively in amounts of 31 g (calculated as oxide), 11 g (calculated as oxide), 31 g (calculated as oxide) and 
31 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing a NOx reduction catalyst of this 
Example. A composition of this NOx reduction catalyst is shown in Table 2. 

25 COMPARATIVE EXAMPLE 22 

[0127] A procedure of Example 1 1 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were impregnated with barium, magnesium, cesium and potassium so as to contain Ba, Mg, Na, Cs and K 
which were respectively in amounts of 4 g (calculated as oxide), 0.9 g (calculated as oxide), 0.4 g (calculated as oxide), 
30 4g (calculated as oxide) and 0.4 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing a 
NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 2. 

COMPARATIVE EXAMPLE 23 

35 [01 28] A procedure of Example 1 1 was repeated with the exception that the two catalytic coat layers of the produced 
catalyst were Impregnated with barium, magnesium, cesium and potassium so as to contain Ba, Mg, Na, Cs and K 
which were respectively in amounts of 31 g (calculated as oxide), 11 g (calculated as oxide), 21 g (calculated as oxide), 
31 g (calculated as oxide) and 31 g (calculated as oxide) per one liter of the monolithic substrate, thereby producing 
a NOx reduction catalyst of this Example. A composition of this NOx reduction catalyst is shown in Table 2. 

40 

EVALUATION OF PERFORMANCE FOR EXHAUST GAS PURIFYING CATALYST OF EXAMPLES 1 to 20 and 
COMPARATIVE EXAMPLES 1 to 23 

[0129] Evaluation test (for emission performance) was conducted on the NOx reduction catalysts of Examples and 
45 Comparative Examples, using a gasoline-fueled internal combustion engine having a displacement of 2000 cc, provided 
with an exhaust system including an exhaust pipe. For the evaluation test, each NOx reduction catalyst was disposed 
inside a casing to constitute a catalytic converter. The catalytic converter was disposed in the exhaust pipe of the 
exhaust system of the engine. 

[0130] Prior to the evaluation test, each of the catalysts of Examples and Comparative Examples underwent a du- 
50 rability test in which each catalyst was disposed as the catalytic converter in an exhaust pipe of an exhaust system of 
a gasoline-fueled internal combustion having a displacement of 4400 cc. The durability test was conducted as follows: 
The engine was operated for 50 hours using a regular gasoline (in Japan) as fuel while keeping a temperature at a 
converter inlet position immediately upstream of the catalyst at 700 °C. After the durability test, each of the catalysts 
of Examples and Comparative Examples was disposed as the catalytic converter in an exhaust pipe of an exhaust 
55 system of a gasoline-fueled Internal combustion engine having a displacement of 2000 cc. 

[0131] After completion of the durability test, the engine was operated for 10 hours using a gasoline (having a S 
concentration of 300 ppm) as fuel while keeping the temperature at the converter inlet position at 350 °C, thereby 
applying a so-called sulfur-poisoning treatment on the catalyst. Subsequently, the engine was operated at an air-fuel 
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ratio (air/fuel) of 14.2 for 5 minutes using the regular gasoline while keeping the temperature at the converter inlet 
position at 650 °C, thereby applying a so-called sulfur-releasing treatment on the catalyst. 

[0132] The evaluation test was conducted as follows: At time points of completions of the respective durability test, 
the application of the sulfur-poisoning treatment and the application of sulfur-releasing treatment, each of the NOx 

5 reduction catalysts of Examples and Comparative Examples was subjected to a so-called 10-15 mode test in "Traffic 
safety and nuisance Research Institute's automobile type Approval test Standard (TRIAS)" set by the Japanese M inistry 
of Transport. The 1 0-1 5 mode test included a steady state vehicle running in which the engine was operated at a lean 
air-fuel ratio (air/fuel = 25), a deceleration vehicle running in which fuel supply to the engine was cut, an acceleration 
vehicle running in which the engine was operated at an air-fuel ratio ranging from a rich air-fuel ratio (air/fuel = 11 .0) 

10 to a stoichiometric air-fuel ratio (air/fuel = 14.6). During the 10-15 mode test, the temperature at the converter inlet 
position immediately upstream of the catalyst was kept at 300 °C. During this 10-15 mode test, the concentration 
(volume or ppm) of NOx was measured respectively at positions of the exhaust pipe upstream and downstream of the 
NOx reduction catalyst. Such measurement was made on the catalyst in a first state obtained after completion of the 
durability test, a second state obtained after application of the sulfur-poisoning treatment and a third state obtained 

15 after application of the sulfur-releasing treatment. The conversion rate (%) was calculated by [(1 - the concentration 
of NOx in the exhaust pipe downstream of the catalyst / the concentration of NOx in the exhaust pipe upstream of the 
catalyst) x 1 00]. Thus, the convention rate (%) was determined for the catalyst in the first, second and second states. 
Additionally, a recovery rate (%) is calculated by [(the NOx conversion rate after the sulfur-releasing treatment / the 
NOx conversion rate after the durability test) x 1 00]. This recovery rate represents the rate of recovery in NOx conversion 

20 rate, obtained after the sulfur-releasing treatment, relative to the NOx conversion rate after the durability test. 
[0133] Results (conversion rates) of the above evaluation test were shown in Tables 3 and 4. 
[0134] The test results of Example 3 and Comparative Example 1 depict that it is advantageous to contain Pt as a 
catalytic noble metal in the NOx reduction catalyst. Pd makes its sintering, so that it is difficult to release the sulfur- 
poisoning from it, thereby extremely degrading the recovery rate. 

25 [01 35] The test results of Example 3, Comparative Example 2 and Comparative Example 3 depict that the recovery 
rate is degraded in case that the rate of Pt carried on Ce0 2 relative to the whole Pt contained in the NOx reduction 
catalyst is too small; whereas the recovery rate is good but the performance (NOx conversion rate) of the NOx reduction 
catalyst after the durability test is degraded in case that the same rate is too large. The same fact can be seen from 
the test results of Example 3, Comparative Example 4 and Comparative Example 5. Additionally, the recovery rate is 

30 degraded in case that the amount of Ce0 2 contained in the NOx reduction catalyst is too small, whereas the recovery 
rate is good while the performance (NOx conversion rate) of the NOx reduction catalyst after the durability test is 
degraded in case that the amount of Ce0 2 is too large. 

[0136] Furthermore, the test results of Example 3, Example 4 and Comparative Example 7 depict that the NOx 
conversion rate is improved in case that the amount of Ce0 2 contained in the inner catalytic coat layer is larger while 

35 the amount of Ce0 2 contained in the outer catalytic coat layer is smaller. 

[0137] The test results of Example 3 and Comparative Example 6 depict that ail the performances of the NOx re- 
duction catalyst are degraded in case that the amount of Pt and/or Pd carried in the NOx reduction catalyst is smaller. 
[0138] The test results of Example 3 and Comparative Examples 8 to 23 depict that the performance (NOx conversion 
rate) of the NOx reduction catalyst after the durability test is good in case that the amount of the NOx adsorbing material 

40 contained in the NOx reduction catalyst is too large, whereas the NOx reduction catalyst is improved in recovery rate 
but deteriorated in performance after the durability test in case that the amount of NOx adsorbing material is too small. 
[0139] While all the experiments or evaluation tests for Examples and Comparative Examples were conducted by 
using the gasoline-fueled engines, it will be understood that the same effects will be obtained by the same experiments 
conducted by using diesel engines. 

45 [0140] As appreciated from the above, according to the present invention, the oxygen adsorbable and releasable 
material in the NOx reduction catalyst can release oxygen when oxygen is insufficient in exhaust gas. This oxygen 
prevents S0 2 and/or the like from their sulfidization, thereby facilitating releasing of the sulfur-poisoning from the cat- 
alyst. 

[0141] The entire contents of Japanese Patent Application P2001 -069384 (filed March 12, 2001) are incorporated 
50 herein by reference. 

[0142] Although the invention has been described above by reference to certain embodiments and examples of the 
invention, the invention is not limited to the embodiments and examples described above. Modifications and variations 
of the embodiments and examples described above will occur to those skilled in the art, in light of the above teachings. 
The scope of the invention is defined with reference to the following claims. 
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Claims 

50 

1. A NOx reduction catalyst for exhaust gas discharged from a combustion device operable in a lean region and in 
a range including a stoichiometric region and a rich region, the NOx reduction catalyst comprising: 

a catalytic noble metal; and 

55 an oxygen adsorbable and releasable material which carries at least a part of said catalytic noble metal, 

wherein said catalytic noble metal carried on the oxygen adsorbable and releasable material adsorbs SOx 
in the exhaust gas, in a form of at least one of sulfate and sulfite. 



23 



EP 1 241 329 A2 



2. A NOx reduction catalyst as claimed in Claim 1 , wherein said catalytic noble metal includes platinum. 

3. A NOx reduction catalyst as claimed in Claim 1, further comprising at least one metal selected from the group 
consisting of alkali metal, alkali earth metal and rare earth metal, wherein said at least one metal adsorbs NOx in 

5 exhaust gas in the lean region and reduces the adsorbed NOx into nitrogen in the range including the stoichiometric 

region and the rich region. 

4. A NOx reduction catalyst as claimed in Claim 1 , wherein said catalytic noble metal includes rhodium. 

10 5. A NOx reduction catalyst for exhaust gas discharged from a combustion device operable in a lean region and in 
a range including a stoichiometric region and a rich region, the NOx reduction catalyst comprising: 

a first catalytic coat layer including a catalytic noble metal, and an oxygen adsorbable and releasable material 
which carries at least a part of said catalytic noble metal, wherein said catalytic noble metal carried on the 
15 oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, in a form of at least one of sulfate 

and sulfite; and 

a second catalytic coat layer formed on said first catalytic coat layer, exhaust gas flowing though a position 
nearer to said second catalytic coat layer than to said first catalytic coat layer, said second catalytic coat layer 
including a catalytic noble metal, and an oxygen adsorbable and releasable material which carries at least a 
20 part of said catalytic noble metal, wherein said catalytic noble metal carried on the oxygen adsorbable and 

releasable material adsorbs SOx in the exhaust gas, in a form of at least one of sulfate and sulfite, 

wherein said oxygen adsorbable and releasable material included in said first catalytic coat layer is larger in 
amount than said oxygen adsorbable and releasable material included in said second catalytic coat layer. 

25 

6. A NOx reduction catalyst as claimed in Claim 1 or 5, wherein a weight ratio between said oxygen adsorbable and 
releasable material in said second catalytic coat layer and said oxygen adsorbable and releasable material in said 
first catalytic coat layer is within a range of from 0.01 : 0.99 to 1 : 1 . 

30 7. A NOx reduction catalyst as claimed in Claim 1 or 5, wherein rhodium is included only in said second catalytic coat 
layer. 

8. A NOx reduction catalyst for exhaust gas discharged from a combustion device operable in a lean region and in 
a range including a stoichiometric region and a rich region, the NOx reduction catalyst comprising: 

35 

a refractory inorganic substrate; 

at least one catalytic noble metal selected from the group consisting of platinum and rhodium, supported on 
said refractory inorganic substrate; 

a NOx adsorbing material which is at least one metal selected from the group consisting of barium and mag- 
40 nesium, supported on said refractory inorganic substrate; 

an oxygen adsorbable and releasable material including ceria and supported on said refractory inorganic sub- 
strate, said oxygen adsorbable and releasable material carrying at least a part of said catalytic noble metal; 

wherein said catalytic noble metal carried on said oxygen adsorbable and releasable material adsorbs SOx 
45 in the exhaust gas, in the form of at least one of sulfate and sulfite. 

9. A NOx reduction catalyst as claimed in Claim 8, further comprising at least one metal selected from the group 
consisting of sodium, cesium and potassium, supported on said refractory inorganic substrate. 

so 10. A NOx reduction catalyst as claimed in Claim 8, wherein said ceria is contained in an amount ranging from 3 to 
1 00 g per one liter of said substrate. 

11. A NOx reduction catalyst as claimed in Claim 8, wherein said at least one catalytic noble metal is contained in an 
amount ranging from 1 .4 to 4.3 g per one liter of said substrate. 

55 

12. A NOx reduction catalyst as claimed in Claim 8, wherein said ceria is combined with zirconium to form a double 
oxide. 
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13. A NOx reduction catalyst as claimed in Claim 8, wherein at least a part of said at least one metal selected from 
the group consisting of barium and magnesium is combined with each other to form a double carbonate represented 
by the following general formula: 

Ba x Mg y (C0 3 ) 2 

where x and y are atom ratios in which x = 0.5 to 1 .999; y = 0.001 to 1 .5; and x + y = 2.0. 

14. A NOx reduction catalyst as claimed in Claim 8 or 13, wherein said barium and said magnesium are contained 
respectively in an amount ranging from 5 to 30 g in a form of barium oxide and in an amount ranging from 1 to 1 0 
g in a form of magnesium oxide per one liter of said substrate. 

15. A NOx reduction catalyst as claimed in Claim 9 or 13, wherein said sodium is contained in a form of sodium oxide 
in an amount ranging from 0.5 to 20.0 g per one liter of said substrate. 

16. A NOx reduction catalyst as claimed in Claim 9 or 13, wherein said cesium is contained in a form of cesium oxide 
in an amount ranging from 5 to 30 g per one liter of said substrate. 

17. A NOx reduction catalyst as claimed in Claim 9 or 13, wherein said potassium is contained in a form of potassium 
oxide in an amount ranging from 0.5 to 30 g per one liter of said substrate. 

18. A NOx reduction catalyst for exhaust gas discharged from a combustion device operable in a lean region and in 
a range including a stoichiometric region and a rich region, the NOx reduction catalyst comprising: 

a catalytic noble metal including platinum; and 

an oxygen adsorbable and releasable material which carries at least a part of said catalytic noble metal, said 
oxygen adsorbable and releasable material including ceria which carries platinum in an amount ranging from 
5 to 50 % by weight of a whole amount of platinum contained in said NOx reduction catalyst, 

wherein said platinum carried on said ceria adsorbs SOx in the exhaust gas, in a form of at least one of 
sulfate and sulfite. 

19. A NOx reduction catalyst as claimed in any of Claims 1 to 18, wherein said combustion device is an internal 
combustion engine. 

20. A NOx reduction catalyst as claimed in any of Claims 1 to 1 8, wherein said combustion device is a combustor. 

21. A NOx reduction system for exhaust gas discharged from a combustion device operable in a lean region and in a 
range including a stoichiometric region and a rich region, the NOx reduction system comprising: 

a NOx reduction catalyst including a catalytic noble metal, and an oxygen adsorbable and releasable material 
which carries at least a part of said catalytic noble metal, wherein said catalytic noble metal carried on the 
oxygen adsorbable and releasable material adsorbs SOx in the exhaust gas, in a form of at least one of sulfate 
and sulfite; and 

a device for controlling an air-fuel (air/fuel) ratio of an air-fuel mixture to be supplied to the combustion device, 
within a range of not smaller than 15 in the lean region. 

22. A NOx reduction system for exhaust gas discharged from a combustion device operable in a lean region and in a 
range including a stoichiometric region and a rich region, the NOx reduction system comprising: 

an exhaust gas passageway through which exhaust gas from the combustion device flows; 
a NOx reduction catalyst disposed in said exhaust gas passageway and including a catalytic noble metal, and 
an oxygen adsorbable and releasable material which carries at least a part of said catalytic noble metal, where- 
in said catalytic noble metal carried on the oxygen adsorbable and releasable material adsorbs SOx in the 
exhaust gas, in a form of at least one of sulfate and sulfite; and 

a device for causing secondary air to flow into said exhaust gas passageway upstream of said NOx reduction 
catalyst in the range including the stoichiometric region and the rich region. 
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23. A method of reducing NOx in exhaust gas discharged from a combustion device which is operable in a lean region 
and in a range including a stoichiometric region and a rich region, said method comprising: 

providing the combustion device with a NOx reduction catalyst including a catalytic noble metal, and an oxygen 
5 adsorbable and releasable material which carries at least a part of said catalytic noble metal; and 

causing exhaust gas to flow through the NOx reduction catalyst to allow the catalytic noble metal carried on 
the oxygen adsorbable and releasable material to adsorb SOx in the exhaust gas, in a form of at least one of 
sulfate and sulfite. 
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fate and sulfite. 
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